Background: To compare outcomes for patients with recurrent or persistent papillary thyroid cancer (PTC) who had metastatic tumors that were fluorodeoxyglucose-positron emission tomography (FDG-PET) positive or negative, and to determine whether the FDG-PET scan findings changed the outcome of medical and surgical management.
Results: Between 1984 and 2008, 41 of 141 patients who had recurrent or persistent PTC underwent FDG-PET (n = 11) or FDG-PET/CT scans (n = 30); 22 patients (54%) had one or more PET-positive lesion(s), 17 (41%) had PET-negative lesions, and two had indeterminate lesions. Most PET-positive lesions were located in the neck (55%). Patients who had a PET-positive lesion had a significantly higher TNM stage (P = 0.01), higher age (P = 0.03), and higher thyroglobulin (P = 0.024). Only patients who had PET-positive lesions died (5/22 vs. 0/17 for PET-negative lesions; P = 0.04). In two of the seven patients who underwent surgical resection of their PET-positive lesions, loco-regional control was obtained without evidence of residual disease. Conclusion: Patients with recurrent or persistent PTC and FDG-PET-positive lesions have a worse prognosis. In some patients loco-regional control can be obtained without evidence of residual disease by reoperation if the lesion is localized in the neck or mediastinum.
Background
Papillary thyroid cancer (PTC) accounts for 80 to 85% of all thyroid cancers. Although most patients with PTC have a good prognosis, recurrent disease develops in about 20 to 30%, and about 7% of patients die from progressive disease within 10 years of diagnosis [1] . After initial surgery for PTC, follow-up consists of regular ultrasound examination of the neck, measurements of serum thyroglobulin (Tg) and Tg antibodies, and wholebody iodine scans (WBS) [2] . Patients who have recurrent or persistent disease usually have increased serum Tg levels. Recurrent PTC can be identified best by ultrasound imaging of the neck, increased basal or stimulated serum Tg levels, and whole-body iodine scans. Metastatic PTC tumors can be identified by radioactive iodine scans, because well-differentiated thyroid cells often take up and concentrate iodine [3] .
The loss of iodine uptake by metastatic PTC is associated with worse survival [4] . The sites where iodine uptake is negative in patients with recurrent or persistent PTC may be localized with fluorodeoxyglucosepositron emission tomography (FDG-PET) or FDG-PETcomputed tomography (FDG-PET/CT). Both FDG-PET scans and FDG-PET/CT scans are especially useful for identifying the site of recurrent or persistent disease in patients who have increased serum Tg levels and negative whole-body iodine scans [5] . The sensitivity of FDG-PET scans (63 to 95%) and FDG-PET/CT scans (66 to 98%) is similar in patients with well-differentiated thyroid cancer, increased Tg levels and negative whole-body scans [6] , but FDG-PET scans (0 to 25% [7] ) have much lower specificity than do FDG-PET/CT scans (81% [6] ). The positive predictive value of FDG-PET/CT ranges between 92 and 100% [8, 9] and the negative predictive value is about 27% [9] .
Metastatic PTCs that are FDG-PET-positive, but radioactive iodine negative, often have a higher malignant histological grade than the primary tumor, a pattern that is less common for FDG-PET-negative PTCs [10] . Furthermore, PTCs that are FDG-PET positive and have a higher maximum standard uptake value (SUV max) are associated with a worse prognosis [11] . Whether the more aggressive nature of these FDG-PET-positive PTCs in the neck warrants more aggressive surgical therapy is not unknown. To address this question, we compared the outcome of patients with recurrent or persistent PTC according to whether the cancer was positive or negative on FDG-PET or FDG-PET/CT scans. We also determined the outcome and surgical management of lesions that were FDG-PET or FDG-PET/CT positive.
Methods

Data collection
After obtaining approval from our institutional review board, we searched the database of the California Cancer Registry to identify all patients with PTC treated at the University of California San Francisco (UCSF) between 1984 and 2008. Some of these patients were referred to UCSF because of recurrent or persistent disease after having their initial treatment at other medical centers. For all patients with recurrent or persistent PTC, we recorded data on demographics, initial stage of PTC, thyroglobulin (Tg) levels at initial presentation, location and number of recurrences, disease-free survival and outcome including Tg levels to define outcome. Persistent of recurrent disease was defined by evidence of disease on imaging studies or elevated Tg levels postoperatively or during follow-up
We further identified the subset of patients who had either an FDG-PET scan or an FDG-PET/CT scan and a whole-body radioactive iodine ( 131 I) scan, and categorized them by whether they had one or more FDG-PET-avid (PET-positive) lesions or PET-negative lesions. The medical and surgical treatment and outcome of these patients were then compared. A common indication for a FDG-PET scan was an elevated blood Tg level and a negative 131 I scan. We reviewed all reports of the FDG-PET and FDG-PET/CT scans and documented the number of FDG-PET-positive lesions and the standard uptake value of these FDG-PET-avid lesions. The sites of the metastases were also recorded.
Statistical analysis
Data are presented as mean ± standard deviation (SD) or median and interquartile range based on the distribution of data. T-tests, Mann-Whitney U tests and chisquare tests were used as appropriate to compare groups. A P value <0.05 was considered statistically significant. All analyses were done using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).
Results
For the 24-year period, 1052 patients with PTC were identified, 141 of whom had recurrent or persistent PTC. There were nearly twice as many women as men, and the mean age was 46 years (Table 1) . Forty-one patients (29%) underwent an FDG-PET scan, of which thirty were FDG-PET/CT scans. Twenty-two patients (54%) had one or more lesions that were FDG-PET-positive, seventeen (41%) had a FDG-PET-negative lesion, and two (5%) had a lesion with uncertain uptake (Figure 1 ). FDG-PET-positive lesions were most often seen in the neck (41%), followed by neck and lung (25%), lungs (17%), and multiple sites (13%). The median standard uptake value was 4.20 g/ml (range 1.5 to 29).
The clinical characteristics of patients with FDG-PETpositive and FDG-PET-negative tumors are listed in Table 1 . Patients with positive PET lesions were significantly older (P = 0.03), had higher median serum thyroglobulin levels at the time of evaluation (32.9 versus 3.1 μl/L) (P = 0.024) and had a higher tumor, node, metastasis (TNM) stage (P = 0.01). Patients with positive lesions also had larger tumors although this was not statistically different. Despite the slightly lower 131 I uptake in patients with PET-positive lesions, patients whose lesions were 131 I negative were treated surprisingly more frequently with 131 I (Table 2) . Disease-free survival was similar between the two groups, but only patients with PET-positive lesions died of recurrent or persistent disease (five out of twenty-two versus none out of seventeen, P = 0.04) ( Table 2) . Three of these patients died of metastatic PTC. One additional patient who died of an unknown cause and another who died of endocarditis had extensive metastatic disease. The lesions of the two patients that had uncertain uptake, both proved to be recurrent disease.
Seven patients underwent surgical resection of a recurrent FDG-PET-positive lesion(s) and seven patients underwent surgical resection of a FDG-PET-negative lesion (Table 3 ). In one of these patients with a PETpositive lesion, loco-regional control was obtained without evidence of residual disease after a mediastinal lesion (Tg 0.2 μg/L) was resected and all scanning tests were negative seven years after reoperation. Another patient had no evidence of residual disease on an ultrasound of the neck, whole-body iodine scan and PET scan; the Tg level was 3.8 μg/L four years after PET-positive metastases were removed. One patient who had a PET-positive lesion in the neck and underwent surgical resection died of metastatic thyroid cancer. Of the patients with a FDG-PET-negative lesion who underwent surgical resection, one patient had no signs of residual disease and a Tg level of 0.9 μg/L at follow-up, indicating potential cure. Four other patients who died did not undergo surgical resection of their PET-positive lesions, primarily because of the presence of diffuse pulmonary, hepatic or bone metastasis or sites in the head and neck region that were less accessible for removal. In the PET-negative group, in two patients loco-regional control was obtained without evidence of residual disease, one after a removal of a metastatic cervical lymph node from the neck, and another with radioactive iodine therapy. The remainder of patients in both groups had stable or progressive disease (Table 3) .
Discussion
FDG-PET and FDG-PET/CT can help identify metastatic thyroid cancer in patients with recurrent or persistent PTC who have increased serum thyroglobulin levels and negative or equivocal whole-body iodine scans [3, 8, 12] . Metastatic PTCs that lose the ability to concentrate radioactive iodine are believed to be clinically more aggressive and have a worse outcome, probably because they are less well-differentiated and cannot be treated successfully with radioactive iodine therapy. Papillary thyroid cancers that are radioactive iodine negative take up FDG-PET more readily because of their higher metabolic activity [3] .
When we compared the outcome of patients with recurrent or persistent PTC who had FDG-PET-positive or FDG-PET-negative metastatic tumors, we found that patients who had positive lesions had larger tumors at the time of initial treatment. Furthermore, in these patients the initial TNM stage was higher than in patients who had a negative lesion. These patients also had higher serum thyroglobulin levels at the time of the FDG-PET scan. In our cohort study, only patients with FDG-PET-positive lesions died. Although our sample size is relatively small, this observation supports previous reports that PET-positive lesions are associated with a worse prognosis [3] . One of those previous studies showed that patients with PET-positive lesions were also older, had a higher initial cancer stage and higher thyroglobulin levels [11] . These risk factors indicate that PETpositive patients have extensive and more aggressive PTC and are more likely to have either recurrent or persistent thyroid cancer. Another study found that most patients with PET-positive metastases also had high-risk clinical characteristics like extensive extrathyroidal extension of the primary tumor, and that 70% of patients with PTC had less well-differentiated metastases than found in their primary tumors [10] .
In our study, in only two of seven patients with PETpositive neck lesions who underwent reoperation locoregional control was obtained without evidence of residual disease. One of these patients had a mediastinal lymph node metastasis resected. The other patient had two lymph nodes resected and had no evidence of residual disease on imaging studies four years after surgery, but the thyroglobulin level remained elevated. Although one *Average age of the total 141patients with recurrent PTC is 46 ± 20 years. #Six patients had normal Tg levels at the time of recurrence. The diagnosis was made on the following imaging modalities. n = 3 recurrence on PET scan. One of them had an initial T4 tumor. n = 3 Recurrence on iodine scan n = 1, unclear, but PET-positive lesion on PET scan. FDG-PET, fluorodeoxyglucosepositron emission tomography; n.s., not significant; SD, standard deviation; TNM, tumor, node, metastasis.
might question why palliative reoperations were done in patients with distant metastasis, we believe that surgical resection of PET-positive lesions in the neck is indicated to control loco-regional disease. One might anticipate that PET-positive lesions would grow faster and be more likely to cause local morbidity. We realize that there could be a bias in our series. It is known that patients with FDG-PET-positive lesions have more aggressive disease and, therefore, the FDG-PET scans may have been performed more readily in patients suspected of more aggressive disease. Although we failed to show a clear benefit of surgical resection in this study, we believe that resection of recurrent or persistent neck lesions should usually be performed especially for recurrent tumors that are growing or are larger than 1 cm. In our study, all FDG-PET-positive lesions that were resected were either palpable or seen on an ultrasound of the neck or magnetic resonance image (MRI) of the mediastinum. Ultrasound is generally more sensitive for identifying nodal metastases in the neck than FDG-PET and FDG-PET/CT [13] . Ultrasound-guided needle biopsy can provide a definitive diagnosis. In two patients, the decision to operate was made regardless of the FDG-PET scan result.
In a previous study, the impact of FDG-PET/CT for recurrent PTC on the clinical management changed the treatment plan in 40% of 33 patients, supported the treatment plan made before the PET scan in 27%, and failed to contribute to the management in 33% [9] . *One of the two patients had no evidence of recurrent disease, although the Tg level was 3.8 ng/l. † There was a significant difference for 'death' between the PET + and PET-group (P = 0.04).
131 I, whole-body radioactive iodine scan; FDG-PET, fluorodeoxyglucose-positron emission tomography; n.s., not significant.
FDG-PET/CT scanning was most useful when the thyroglobulin levels were greater than 10 ng/ml. In that study, 22 out of 30 patients were treated surgically. However, they did not show the outcome of these patients. Another study that evaluated the clinical value of FDG-PET scans in 37 patients who had an increased thyroglobulin level and a negative whole-body iodine scan found that 28 patients had a positive PET scan. In 29 patients, the management of these patients appears to have changed from the initial treatment plan (23 underwent surgery, 14 of whom were disease-free after a mean of six months [14] . FDG-PET/CT scan may contribute to the surgical strategy in patients with persistent or recurrent PTC.
In our study, 23% of patients with PET-positive lesions had metastatic lesions that took up radioactive iodine. This is a lower percentage than the 37.5% reported previously [11] . In that study, prognosis was surprisingly worse in patients who had both PET-positive lesions and radioactive iodine uptake, and survival was similar, whether their lesions did or did not take up radioactive iodine [11] . We were surprised to find that among our patients who had PET-positive lesions that were less likely to take up radioactive iodine, yet more were treated with radioactive iodine than patients with PET-negative lesions. In a report of the Memorial Sloan Kettering Cancer Center experience, patients with PET-positive lesions were treated with higher doses of radioactive iodine than those with PET-negative lesions. Despite this higher dose of radioactive iodine, subsequent FDG-PET uptake was similar after one year, the PET volume of the lesions was larger, and the thyroglobulin level was also higher after one year of follow-up [15] . The results of reoperations of patients with PETpositive lesions have been studied before by Mirallie et al. In that series, patients with recurrent differentiated thyroid cancer and FDG-PET-positive lesions underwent surgical resection. Half of these patients had no evidence of residual disease. A subgroup of these patients even had no detectable thyroglobulin levels indicating cure [16] . However, the prognosis of patients with FDG-PETpositive lesions and PDG-PET-negative lesions after surgery remains unclear. Nevertheless, our study had several limitations: its retrospective design, relatively small sample size, and inability to obtain histological confirmation for all FDG-PET and FDG-PET/CT lesions. Moreover, using FDG-PET scanning to localize recurrent or persistent PTC has some established disadvantages. First, it has relatively low sensitivity, specificity and positive predictive value. Second, it is expensive. Third, the decision to operate does not always depend on the scan results, which are certainly of most value in patients who have elevated thyroglobulin levels, but are radioactive iodine negative and also have other negative scans. However, FDG-PET scanning can document patients with multiple distant metastases who are not candidates for reoperation.
Conclusion
In conclusion, patients with recurrent or persistent PTC that are FDG-PET scan positive have a worse prognosis, although some can be potentially cured by reoperation after resection of metastatic tumors in the neck or mediastinum. We believe that localized neck lesions that are FDG-PET scan positive should be resected.
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